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(57)Abstract: 

PROBLEM TO BE SOLVED: To appropriately control the 
actual floor reaction by detecting the actual floor 
reaction to calculate the moment around the center 
point, determining the amount of rotation to correct the 
target position and/or posture so that the position 
and/or posture of the leg part is rotated, and to displace 
the joint of a robot. 

SOLUTION: A two-foot walking robot 1 is provided with 
a joint on a leg part link 2. A six-axis force sensor 44 is 
mounted on a foot joint, the three- direction 
components of the force and the moment are measured, 
and presence/ absence of landing of a foot part and the 
floor reaction are detected. An inclination sensor 60 is 
installed on an upper body 24 to detect the inclination 
and the angular velocity. A rotary encoder to detect an 
amount of the rotation is provided on an electric motor 
for a joint. First and second arithmetic units are provided 
in a control unit 26, and the first arithmetic unit 
calculates the angular displacement command of the 




joint, and feeds it to a RAM. The second arithmetic unit reads the measured value to detect the 
command from the RAM, calculates the control value, and outputs it to the electric motor. The 
floor reaction can be appropriately controlled without generating the interference. 
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2ttAftftCctS. £¥2 2R (L) (caX0#W6nfc^ 
0tt©#-r Fffl*f£. filTMffll 8R (L) *j«fctf6tt 
^•b>-9-4 4fIi« , 3ffW6*x. mria*V FaWftcWtt 

[0 06 3 ] Stf«:SI^-C^3n/cS^2 2R (L) 

b. eRS**swr(,»a(,»t*©t«»%^-r. JEft5#£ 
b. #»awi**wr4fc«>^tfr«c<. mm£*x* 

SfcaMcfcSfifcfc©-?**. ft, -e©l*WiHU3BL//c 
#BU¥5 - 3 0 5 5 8 4#(CfBlfi34vCl>&©-C. f$$ffl 

[0 06 4] Hft. HlTBHmitBti*. 2S$ 
If a# h l ©jgDStttaaBKtti? 3 -(X-r-f;>*62# 

(00651 13 BfMflPax .^26 ©f£iM£^-r 50 
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£. *cKfcc»T<»$Hs>if6 0&<!f©m#BA/D£ 
4/M/tRAM7 4(Cj^6>tlS. 

«Lriegsn4x>3-^©tH^jB*'i7>^7 6*^ 

(/t R A M 7 4 rtCC A* 3 *l 5 . 
[0 06 6 ] «Hai v hrtCCBC P UA>6«t6JR 1 . 

m2<Dmn%m.zo. 8 2*sgtt?64rcbr>. an ©at 

HHB8 Ott%tt©*n<. ROM8 4(C«HW$nr«,»S 
*S{c«-3(, »rfiBfi©*n< BHSft*ttJ8*ft»Hl 0. R 
AM74(CjHttirS. Sfc*2©g|*£K8 2ttRAM 
7 4*>6*©JB^t|fta3tiA:SSWffii*R*aL. ft 

[0 06 7] c c-c v cowsfeiyiitgfflfl. 

B. *fflBBA*«illfei/fcailfi»M«:SBI!bfcfflB (4* 
If8-2 1 426 1f) -C«fflU^3e««:Se5 ) . 
[0 068] r##j B. a^ y HX^tCfeWi-ftaetJ 

'<*->il/tll, «it« TZMPiiBWSWj ii^J; 
3f - >/dW €rta^7 U XRB&J'i* - XCWT £fitfH£ tti 

[0 06 9 ] SWctt, Bl/»#eottS. fllnWcfP 
fflT*^#**nJE¥flaR&£l»5 (n : 1 *fctt 
2„ filTHC) . £W«CflUliT*Ji|sR&*£fcOfct»© 

[0 07 0] £¥^Wl*t-e CtC^A^^i* 
©^-.OKCiotliSn, H— ©fi¥flt£#{C# 
or. *31©ffl*^to-iiBMgaf)*S. *©*cc«. 
ISififA* 0 ©fifi»«Mt< *- y > h 0 

ffffl**. CC-CBJE^JS^tp^il.^ (*WISA 

mmmmutcim?z&8i¥-6 - 1 9 6 5 7#-cb 

rflHtEES4^J i^Ofc) . 

[0 07 1] PHWC. **5*ttffiffl^[4*C«:*>*»S 

^>i^©*-y> htcjcora^s^. pi— <D±msLt> 

B. ISiei**to»3©^*^< *-^> hfiS^*JO"C36> 
[0 07 2 ] *flcR*©B«ffl*a«*aaR*4(,»5. 

*w«;jwiir**«cs*'c**. fi£o-c. ant. 



(3) 
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[0 07 3]iSi, ^AKMn/ccfc^CC, mmZMP <Ze 
ro Moment ftrint ) «^<D J: 5 «C5£@$ft£ 0 BP^. S 

mmm^ * - > &c <t o ris£-r s tM4*> <t mti<o-^t> * 

y>r#, i8fii&£fc9©>&9-£|&£0T-&Sfte>tf, 
•€-©.-££ g$Z MP (Zero Moment Point)<tt^„ @^ 

a^ZMPiC^«^?rffll,^ti^fc*-5*i. & 10 

coo74] &&¥-mdUi<DEmmzsm&g.¥-fiif3.jj 
coo75] ccv, coy&wommic^xnm-rz 

[0 07 6] ^<DP4li.^^©S4 0 (Cin-rt^SI-CI^BJ 

fjz&ttr^ztctb. mi Slrosto^Kjg^ns^ 

©tt. C<D*-J> hZ0l<CO<i;>jtmi m.-g&m4 3 30 

[0077] L^bft^e.. jsmcDiiiEtcior. mi 

S¥©2»*> <!: fegrt^ < Sc -5 ©T\ mi S^P-^Jg^JOiS 

[0 07 8]fi£->T. Slr='>^5'rT>X$IJ©{C«fc-5 

If a > 7' 7 T > * fflffltf fc t > <!: PIfllCC Si^ti- s 
i. g^ffcS^iX* (SSZMP) £*>9©H:£f* 

[0079] ^h*K±i-5*ffiooioi or. MW 

c i tct o r u & ^ «:-r s c ens 
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[0 08 0] Sfc, @4 3 tc^-rtftfc-cw:. ^lSf*! 

u r i » ^Etcusoe 0 r <, ^cmj: 0 a *) mm &© 
■e. mijs^w. @tg#§cfc0fc-3*i**£±if.s^* 

=y 4 T > X IHflpfti ji^J«: fpJB L X t, > ft I > £ WA -5 . 
[0 08 1] «±CDcfc^«C. JS^a^^^^T^^IItai 

[0 08 2] ge->r. iys©^sg{c^s^gic*ji»-r 

[008 3] */c, ^tiiciot^fti&^la^flM 

[ o o 8 4 ] ^4 it, c<D$moi&micm2>ma&w>n 
vommw. (iii/ta3©n (omn^ms o 

«T> H4Sr#J8LTC©g®©:£f*«*^&miB 
[0 08 5] C<C«»**S£feiaS*ftit, ^^SH 

i*mm&®*£.f&u, tax?*,, mntzm*. wi&om 
mom*). mM^z-istmwmjx.?}><z-i'. <t 

%»ttit. a«*ScJR***Mi (1«ZMP) 

[0086] c<Dmm<DB&.it*s^-c&m£.f%&&tiitj 
4:\#.«. a«zMPcc-gc-r-5»o 

[0087] i5(Cd^7 h 1 *4^t64^fr4£#© 

ii»^->o- m^-To tft«c*fitv-r-5>aeiz 

MPDiiSw^ffii^^sew:. f -CA • + - 
7KST. C©$S©»!P^{ci*«:SS4b/cSS©^ 
IHlfijp. 4>^-^^2S¥£t^C:£<b-rS 0 
(S8. *if^S©S$«ffl«5feKffilgL.fc#^¥8 - 2 1 4 

2 6 i^(ci¥^fflcca<-<6nr<,^-s©-c. cti«±©ittw 
[o o 8 8 ] m4(DmwcRi>t, cvmmtmmmix 

<tM (SSZMP) <h@S£¥{4g • 3km*3iU?<ftt 



(9) 
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©b$w • mm m*.M. m&mMi><mm%mm<omb*f> 

h o . lsec-C * i> U 4 ) 4*©ft$R ki&gfcfc. D T IX 0 i4- 

[0 0 8 9 ] ®5(C^T<fc5fc*#g&C*tGT. aMS 
*»I3»B . aS&a^J^^C^WT©^^ 

frfr 4 (C . asm 2 JS^JK^ 
^3) C©i*a«»iaiFfl5S**^iB«WI2 

wars. 

^#4 ) >tw^#»j-cw > asm i aTeaR**^ 

asm i s¥JW52i = as^gyj * ( asm 2 jE¥CRE#i»<&Mi4 iszm 
asm 2 = mm±mfxts * ( asm 1 &¥ft&ft>p<CM££ §«zm 

P©gE{§t) / ( asm 1 S¥flcK#lM>.£4 a«*2 fiT«R*4>*jS©ffi«) 



C0090] cn&fttt&ffi&r*gtt)ff 1 aveRs* 
•mmmumk!)* -< a • ^ ■». - h 8 (c. asm 2 
i^JS^^'C^fi^© 31 a • =$■ +• - v %m 9 (cth-t. 

ft. C©0-C«S1T <MiS 1 8. 2 OR <L) > 
?22R ( L) ^©$IfiU*4M.*iL. B 1 K^f 
<fc5«OS¥flj#ft£X#©IE©fti*. S¥2£^fS]*YIA 
©IE©|6j£k:4S„ 

[0 09 1 ] BfltffcSA&ieSK. Hit. tflSSft-CB* 

a«#ja¥J^s^fc^5eurm^r-5. asss 

[0 09 2] &i$SflH»T±e©J:5«e«jes*ifcB« 
«\ B««JE¥fls^©£#«@«£a!RA«c— soft 
[0093] 



[0 09 4] C©J: 5 tc*es6fc@SSa¥)*j5^«iS^ 

- 1 9 6 5 7-st ) Kiajcsftrc**. 
[ 0 0 9 5 ] 0 4 ommtcmz 4 . c ©sihb^^s 

©Hz>iftiN8K:«^C>-ca*K* h©tt»*«B£0. ft A 

mjfiSc Or l>.54S&4*K:«tgS£'r £^(4=3 > ha- 
9 «: J: o TSll!8ii5^{4 * B«WfflFSEflt«:3S^«ciase $ * 
4Ci#m4.irt. o#» h©(4ffi-^»^-r 

[0 09 6] n*? KZ>se»«ft»!WK:S^b3-&*fc 

«Wm£ (ISZMP) tflUftS 4 0 r ttfln W«c*£ $ M 
JEfc4C»5. f««^WS^j©*-^>h^*ti 
[ 0 0 9 7 ] (S3. M£8lba# v h©aS#§W0RJ5# 
«. B«*t**S*i»L. $te«c£^fcB«ZMP©3£ 

?iz$ht)¥mic*ib, -€-n*iacE±©&s*tc^ffl-rs 

f©^4»»Tl«IZMPit4J:5(CL-C^fi 



[009 8] tl, B#5H^«»r*-5T.J 
tS« 3 2 *J«t <>'£Jg?*t4» 3 4 (Dtcto&lC J: -o T£ G « 

p#-y h^ft©&g • ^©Jsabto&as&B, iyT©6 

30 eSKK^«r*4. 

[0 0 9 9 ] K 1 ) W*$&B5&}*M*& (BSZM 

p) ***4i/fcfratt*to«jia<K <w%. 

*- K2) B*±J*R*(ti^ (aSZMP) **«C»4 

*-h*3) a«±j*g^jit>^ (aszMP) «t^i>4 

*- K4 ) Huf^W^ttSn 
*- F 5 ) te&W«tt»<T. 
■=6— F 6 ) ±TW«ti 
40 [0100] C©rt"C. *- F 4 4-t- F 5 (J. £¥© 
fcOaflMI 3 2 fcJ:o*?*t4[* 3 4 ^BiT^&*[6l©^»r 
^J ; &SW-C/ct.tfC4(cJ:^r^S-r-54>©rab-2). w 
3 2fcJ:D ; a®5*tt*3 4 Bi?»i*|Si©H9tt*ii« 

jcs«T3Ba»Ba4 

[0 1 0 1 ] ^<34aSS[©rt. *-K3i*~K6« 

*J<tO*^-r€ > m2©||]St©0.«-C«- : e- F 1 4*- F 
2«:*W*fflWA:w*:ff5C4 4T*. h* 1 4*- 

50 F2(c*f-rsso{sj«. cn*^s^ct ( ^4(S4^4'©ti^cI!^< 
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v b&&m-rz><D-c. m^mmttx®^. ft. S83© 

[0102] k i zm'm-rztcitxD&ttm*. ffiifa 
£jsfc£2>©ir&f* (xw) st>*)*-^> h^-c* 

T. *§fi:£ffcJS;>J©Jj££©F*9. Hij^#^*-^>hfiS 
©(£#&*. C©HJS©^18 (48 J;O'02©II*£©^«S) 

■cWBi->fti>©ro 

Co i o 3 ] ft. «»tt&©5e««:«£5. an**, fflffi^ 

md (»0<«B1S?£J*K#4MX£ (BgZMP) gfc* 

Mdmdx = - Kthx6>errx - Kwx (dflerrx / dt) 
Mdmdv = - Kthy<9 erry - Kwy (dflerry / dt) 
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* *)<Dffifr±lfcfclj*:-s(> hMdmd) 4<,>5„ S5«C 
i^fr* Z M(C 4 <0 . mi &¥-<OBMm.T<Dfm±.(D* 

9. (is. ^*s<fco'*-^> njcoigifiisn 

&&©4-f-5„ Mdmd©X^Mdmdx, 
Yfi£9-£Mdmd y, ZiMMdmd z iiei^S. 
±f*2 4©ffl!4(iM (BP*>. 3*±«W4-S«±f*« 
$4) 0err ©Xf£#£0errx, Y(&#$0erry. Ch6 
©B#rBlSt^ffll?:(d0 errx / dt), (d0 erry / dt)4l2& 

•rs. 

[0 104] Mdmdxfe<tyMdmdytt, MZlf-X 



10 



SI2 



CCt, Kthx, Kthy, KwxliiWwylJ, 
[0 10 5] fg&f Sttl^ > WT>X!ft{mSgfJ 

». mm±mixt>tMm±mfx.jj<D-&t)icm±mtx.jjz 20 

[0106] 04<Dirt^«C^^i. C©£§g«j|#JE¥ 

IsJlZW-tiiLtc^ IK. 3E»Wffi««Kse»-r*. 30 
[0107] c<DKKtti)K9 hM**?** 

fcWSaiKt»h 1(DJ:54 1 #P&fc»)©BBfiig£g#i6 
-c&£i§^n:«. &B8g5^{i«— SffKt^gS,, 
[0108] C©*fe©Jfc*re«j£**v:r -f f X©8? 
©5SC4itt«l»{c#«£>T*f*. 5S{c±*tt« • a5»4ja¥ 

fc. BP*. a#^I|iI?:if;Ki. @«?±<*{ig-s£ 40 

w-isLm- &fmm) £A7ju ^u^h 1 2<i©iwsi 
( 1 or (D &£) ©ras^fiifg^ <«> £@m-r 

[0 10 9] C©^g«^(43> Fa-? (Mfeo/cm 
2©?|§f|£Sg8 2fC[SJD> ^{irOha-^ 

ot}<^ h&fsre*?^ (jS+^^T^-f **?gH?S15) 
r®ta3tifcrag5^[4^ (fit) *ISffi£Un«K» 
H © 1 2 fls©M®5©^fii4iifie*ir<sp-r S . 50 



[0110] c©«g«Huie«^n>^7'CT>x«if'p 

<D 2 i<Dm*Zm& 2 -If «fc 5 4 , g«IJE¥<4g • 

[oiniMtD oik» bourn ■ mmmm<Dtctb 

(*-^> HMdrnd) 4 @*l:£ffc5;ft©^7(Cj6 
SESti-*. □ h©£SHSt/cW£*IJWl</<:t,>J©^tC 
tt, S*tefftSA<f><bM[* *> 0 ©*£a5R2>*JF#Gl* 

[ 0 1 1 2 ] B*2 ) «fiT<0«llltt*W«r-5A:ft 

[0 1 1 3 ] ft. ffiJSTSi. ffl^«H^^JS^?r*i« 
JS¥*S*4i'C^* *3 •) ©JISS^JS**-^ > h 
r. K#l) £S*2) «^{CMS3#5Ci»t?# 

[01 14] ±te^Huti4 ori 1 07D- • ^^-h 
<.mmt7u- • h) ^#Morc©§ig©iai^ 

s©«jgss«*^-r. 

[01 15] $fe-rs 1 otc*ji»riai*»tt8{bi/. s 1 
2*gts 1 4{C3t<^. *-rvsd»)ii**^«r4. * 

«5 0 m s r&S 

[01 16] ttl,»-C S 1 6 {CitA,-C*#g©iW ♦)«*>•> 
S. BP%. 3£f^)Wl©W)^«)B3!»SA^J»rL. SSS 
n€.4*(*S2 2«:jttf4*{C. W3e^*l-5>4*«S 1 

7y-?«, aab^'7>- ^4*^^-7^-^ (zm 



(11) 
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to 1 17] m^xs 2 2 Kit*. mm^<ommm^ 
u mm&®mmmiz. sm±»im. ■ mm, mm&& 
ft. ccv rmmntx, y. z^ratcfcws r^j 

[0118] fiH>T S 2 4 (CiIA,-C@fI&£¥J5fcJ52j# 
^fctf^. JWWJKtt. S8te<fcO'09K:^-rJ:^ 10 

[0119] «§t»rs 2 6ccit^s«ss^iS^^ 
##>s„ cn«esi*s^ies<DSiB^-c^fcici * 

[0 1 2 0 ] 4£(,>TS 2 8(Cit* t m)lfiOfc^4-fe>-y- 
6 0 te£<Dtiif]frt>±.#2 4©ffi£4&<t*CUf?;> h 1 

[0 1 2 1 ] S 3 Otcji*, P#^H<Dtt,^ 

mdx. Mdrndy^ftS. jy*ffHC«. _hft<H$4# 
^t±i$nfc<!:#^^^t?rSS/cfeK:HirfaU^2 K 
^otif^^t-^^hMdmdx, Mdmdy 

[ 0 1 2 2 ] *H>T S 3 2 {t^m&S^JK^tfc 
tB-T-5. cn»mifa©$p< 1 6$4?j-te>tf4 4<DttJ;f;7!p 

[0123]^>TS34 Kit*. WSHttifRft 0 d b v 
tei^Sfilftenx (y) £ite£-r£. Cfttt. 30 
mile U fc^n >7U 7 >x KifmSSP 5 fP*"C 

[0 12 4] -e<Dtt^a>7^-fT>X«i^jfeSgi5©^ 

*Jl>T01 1 (C^lT <fc 5 GClfllS^ 2 .2 R (L) £ffT2 
il¥2 2L (R) lcm&&¥-f*Jx.MWmU-C^ZViU 

[0 125] CC-C-^HUFnac t«mnJS¥J*J5 
tHDjjf&ftZmT. *<9 h;HVIn a c U*J&nS¥J*£ 

h GSfl-^Str. ^ h;HVIn a c tOftt 40 

[0126] CCBSRacDg^J^J^y:. 0 1 2 CCthT 

^i-hAMsumr e flJitTftS (^«(C«t0. S 
*§Z M P «g#^J*J5^-y > h ©*¥#fr*iX#** 0 

[0127] cti^iic^-o-csn&^ms.t)^ 



> h>£#£a<r. h;UMn r e f <Dfa$<Dgmit> 
Mn a c t t[s\m-V&2>. 

[0128] ®.W<Dtcl£>. ±.frmmm£ZlC®ii.Z: 5 

[oi29] m&vmmtfflwmmnsbvix. n** 

h 1 ©±#«$4<lll^tBfii0 e r r x. (9 e r r yiCM 
rs^xm^m^jj^-jt > hMdrndSrUffl-r*. C 
©*JS©^<SSt? tti&fifA ( Z ft ) $ t> K) <D x tr > £$U8P 
Gftt,>©t\ ffl®^J5t5JS^j*-^> FMdmdCDlSitWl 

h©;ty&fr&o-e£>5. c©t#icc 

>FflC-r5ffl«^^- : e-y>hMdmd*01 4iC^ 

To 

[0130] mmzmTczuzfcMci*. 

7k¥J&#£. BS^S^->>H^sumref i 

[0131] oizmp) 

■C{i@S^Jg^-^> f-Ms um r e f ©Tk^ft 

h©*^^. Mdmd©*¥J&#CCiIt£3-tfft«& 
[0132] CCD*JSOJf^CCS>or«jfi^3>^7-l' 

mm-£mj3.t)tp>b&. (bszmp) $*do<dh^s^ 

h©*¥:£ft (X, Y$6^(Sj) 
Wxt)^:-^> hMdmd©7k¥^r(aI^fCiigf$-a- 
4. 

[0133] flU mi»<Djl«9. S*l ) <tS*2) 
[0134] J£^P(D{4g • sgf§©fl£IE«. C©H«S©^ 

i ) mmm 1 s¥^**^q i t smm2 s.w-m& 

^ hJUV^^So VCD^^3« 1 in. V4@l 5 
[0135] 2 ) 1 S^&btf'^.^Q 1 <D®M 



21 

Hiteft © d b v ^tt0ig»«rr ®m o tdkornz q 
[oi36] c©ihi$5^0 d b v zmmnmpi 1 t >5 . 

*&j£#Q 1 . *£**iQ 1 ■ ©^ hJl^f \-)VQ 1 Q 

h;i>£--<27 HK32 Q2" itS. IS 1 6 (CQ 1 ' iQ 
2' 

[0137] 3) g«mis¥^. jg»u3E*.-**cc'*? 

h^Q 1 Q r /ifWWStt (««±T^«>) 

mmc. mmm2&¥-%, mmt^-ric^f b>iQ 2 
Q2- fcvwmmzuz. ®w&<r>mm&jm*:m 1 

e tc;*:*i!-cnvr. 

[0138] 4 ) ;XK. StiJf! 1 1 • fcitfcfc 

tC> liWfcfrfiltt (Xtt) S*>9K:iiIlKft6» 1 x> ^&?7 
[SJtt (Ytt) 3ft>«3 tcleilte^ (9 1 yfcWUgS-tf £„ PI 

?£#rsjtt (xtt) tfcOfcais^e) 2 x. £:«r#itijtt 

(Ytt) St>OK:|5IiEft0 2 y«W@|gS-&4. HKf? 

[0139] «±©*SflWftfHl36*afc*:'C«ewn«. Site 
«:tt« l r #S¥tc^#$ titcMteUm 3 2 -?>SJS?*tt 

»«etttt*»o. 

l 0 1 4 0 ] ifcttl ) MWtf<!fi| 6> d b v/ct^iffO 
¥^JS^©^JS£^lf * L . _b# fc£^©HS¥)5RJg 

[0141] #tt2) fnJSfXilft/cWai^t 

^.^c^ffl-riSl^nS^S*©*-^ > h©XJ& 
Wif WA^fb L/ . -e©ffe©mJS^fiK^«^ b L#>^b t 
^nS^PYffl«ft/cC-f?r^Lrg^ 

C 0 1 4 2 ] *5M43 ) mmmmn 6> d b v . &J£¥Xff 

mft*jj;o'ss¥YjiflRft>&i5]B${c^-r^<i:. n#jg 

^bS©«Kc&.S. 

[0 1 43] «Fl4lfc«fcO t ^42«. Ctl6©Simc& 
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i:i4*i*SC£^b. 1$tt3 ttCtt6©&ma§Ufct!fc 
/>s * -5 C £ &7r; b T <,» -5 i £ . 
[0 144] 01 8 > -CT >^S6^^g|5 

©musrt&njrr*. 

[0 145] «*t&T<E><!:. ffifft£j*J5t;fj* - ^ > h 
giCfcurtt^J^JS^^r-^O hM d m d ©^ie^ff 

-^>h^££^6. j^Wffl{8ft^gp*jJ;C>'^nS¥X 
(Y) mmft&fcmci<s^zm&<DM&Pi d d b vfcj: 
Mnx (y) fcitetT*, 

[0146] #&C, &S;*ftfc&*i«#iC«-3t,>-C<IS 
ft S«fct&flt 3 2 ^SSSfttl* 3 4 ©^Jfcg£ 

[0147] &.T&m?zt. ffim±mixt)*-s^b 

St-^>hMdmddb, SS¥iS*-^> l-Md 
mdlx. y, Mdmd2x, yK^BTS. MWffl« 
t-^>hMdmddbtt, i^)«)?i(8ft (S?±T1) 
0 d b v *asf^-r -S C iKiot S^£J5j5JK**<Qv£ 

-^>h©B#(B-C*^„ 

[0148] SWSfit-y>hMdmd d b©V#fa 
SbO©)SJMMdmddbvi^lt5. i^, *<t> Y 

h^SrUiT^i, H«ffi«t-»hMdmdd 
b©U*|SjfiK^Mdmdd bu«0tC^3n-5„ 
fflffiftQ d b v*»ffOrfc. mS^©U^|S]*-^> 
h ^ #6^ "T S C t it V # ft C > 6 V $> 2> . 
[0149] C©SI*i©ff$.«-C«1iiR^JK^^-^ > 
HMdmd©ISi[7^I^^AS0ft©r\ Mdmddb© 
iSfi^fSj^M dmddbztO (Cfft^S ft5 0 
C 0 1 5 0 ] H 1 S¥M«^r-^ > hMdmdHJ, Iff 
l£fi«ft9 1x, 6>1 y4«M5CttcJ:-,t@ 

hr*So IlS?iSt-^>hMdmd 1 ©XsS^ 
5Mdmdlx. Y^SMdmd 1 y«tf2iti-r^„ » 
2S¥i«t-^>hMdmd2tt > W2 6 
2x, 0 2y*^-r^C<i:{C«t-,r@^2S^)5|5S 
^Jcf'C^.$*>fp(C^$i±/a^-y > hr*-5„ ®2 
JS^Pffif^e-^ > f- M d m d 2 ©XJiX^M d m d 2 
x« Y^MMdmd 2 y <tiejrr€>„ 

[oi5i] ^set*. m^©«fc^«ctf -5. 
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Mdnddbv = Wdbx * Mdndx + Wdby * Mdndy 
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24 
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Mdndlx 
Mdndly 
Mdnd2x 
Mdnd2y 



Wlx * 
Wly * 
W2x * 
W2y * 



(Mdndx - Wint 
(Mdmdy - Wint 
(Mdmdx - Wint 
(Mdmdy - Wint 



Vx 

vy 
vx 
w 



Mdmddbv) 
Mdnddbv) 
Mdmddbv) 
Mdmddbv) 



5$4 



[0152] CCV % Wdbx. Wdby. Wlx. W 
iy, W2x. W2 yfciOT i n t tt#£fl»»£ft 

«ft 4*firr * C t CC J: o h tc±mm.t)*: - M > 

[0154] »fTfl»®#ema*aftwd b x, wd b 

y, Wlx. Wly. W2x. W2yW^Wint(D 

u r &Sir ^ci^iJiu 20 

[0155] 1 ) H*Wf«ft4«fiWi«ft*«^F 

[0156] i£«*2 ) ffiimAA«J:Cf»eWifltA* 

Mdmddbv*Vx 4- Mdndlx + Mdmd2x = Mdndx 



tt4^<»«±J*S**-y>hMdmdCCifiC»t§ 
[0157] CCDES, OAlV^^fTWftiirKRCciSDr 

dbv v §£?i«*-^>hMdmdl, Mdmd2 

[0158] cot^ri*a«*«H**-&jS (SWZ 
MP) SfeDO^JSEtl^y > FO*T^nSlJSS» 
MflteffKA*- > HM d m d ©*TOfa«5Mc 

[0159] 



5£5 



Mdnddbv*Vy + Mdmdly + Mdmd2y = Mdndy 

• • 

[0 16 0] Ctl^SC3, 5£4£ttA-r&£, ^5«S;^30^ 7CC % SSBttSCSCC^ftSti*. 

CWdbx * Mdmdx + Wdby * Mdmdy)*vx + Wlx * (Mdndx - Wint * Vx * (Wdbx * 
Mdmdx + Wcfcy * Mdndy)) + W2x * (Mdndx - Wint * Vx * (Wdbx * Mdmdx + 
Wdby * Mdmdy) )= Mdndx 

• • -SJ7 

(Wdbx * Mdmdx + Wdby * Mdmdy)*Vy + WLy * (Mdmdy - Wint * Vy * (Wdbx * 
Mdndx + Wdby * Mdndy)) + W2y * (Mdndy - Wint * Vy * QVdbx * Mdmdx + 
Wdby * Mdmdy)) = Mdndy 

• ■ -5S8 

[0161] Mdmdx^MdmdytfffilCDtttK-) ★ sSl 0. *j<fctfj£l 1 *HB*K»fi'r*i«m>. 
rfe % «74^8*ni^WK:RRS["rSfc«>Cctt, «9, *40 



Wint = 1 
Wlx + W2x =1 
Wly + W2y =1 

[0162] *tfB$r«Mdmd d b v£@$U&<: UTPS 

db v**ffurfiT©ttB*«jEOr*>, 
H^JSRSA*- > h <Dft£M&M d m d d b v CCiS^ 



50 



• ■ -SC9 
■ • - SCI 0 

• • -Si 1 

[0 16 3]Hiai«C, Mdmd 2£@ti^^cL>TS^l2J£¥ 
tBffifte2*&ft:orm2S¥^^ H 

j5RR^*-^> hOVttiatfMdmd 2U:tt^T7Je a T 
m«. H2 2<0<fc5«cW«6a*JH©« 
h#«llW6ttS'CH: i 0 2Ct<J:oTJP 



25 

co i6 4]seo-c, s£5. j£6*ffi&?z<i;5«:&m. 

dmdCCga>ft(,>l©^#4>S. C©<fc -5ftC £#£0* 
pI^tt*5iSC^ja-CW. 5£6©£i2©fil£ 1 J: 0 

[0165] ffiTm<Dft&mm?*%.mw>j£Mv$>z>m2 
©ttts©<fc5cc. mmmtRn e <sbv zm'pLxi>m±m 10 

jK£*-y>h#|&£-CSft<fto-C*>. #£¥fflf{Rft 
^ffor^FS^ffl 5 <fc 5 cc ofco 
[0 166] JftB^ftCiCC. m2 \<»&*)<<cm®.-fz> 

£ IS 2 £¥©#>#> £ ^JSIUffJCC T # o T J* CC Jgtte 0 ^ t 
<ft£©-C. IS2£¥ffi«ft£f£ffT£C£CCj;-,Tll 
:£JE*JK*J*-^ > h S tf£ C £ *5-C* £ cfc 5 CC ft 

[0167] f£ffil,Tl>ftl>££CCBWWIi{Rft 
0 d b v ZmftTZC tlCj:2,n±miX?)*:-J > hifi 

£L-ftt<». 

[0168]oJiD. WWffifiUStf d b v#W$JCCfiK 

WSftcegK <h*(c«M)«iffl«ft6i d b v&mthlcm^U 

•T £ c £ cc J: o r mLt h W^Kts^ - * > h o« 
B. «tSffi«^J5^j*-y> HMdmdCC^l,<ft 
S. 

[0169] tftBCC J: oTB. W»P*il»#fc =fcO*£JS¥ 30 

*Mt« *»fw £ c t cc j: otist j< 

> h ©*§S#f§«:£lE?cJK^*- ^>hMdmdJ;t3fc^: 

[0170] b*>L. COJI^tfe. Mdmd#C<D* 
J6©fl£SS©J: *> <C'£m ! £JE.it<Dtc)sb<D7 -< - FX y i>m 
f£S-e&£ft*>B. &£9f?s]liccfte>ftt,>,, <5J&fte 
B. Mdmd©*t3^I^.WCfe, — 1&B<JCC$IJ 
©&CCS;l.&C £■*?&•&#. fflmm<D*-~-7»v--7# 
4 > ifi&'J>mtt ZtcVX-, ? a - X V >l> - ^145* « 

£ ^ £g*> e> ft i 40 
[0171] &m&3 ) jtietmrcB. mmmmMm 

<Dft&mn?t$£$lV<Sb & W d b x . Wdby ©ISfcMI* 
/h2<-r*. #IWXI$JWrBW»li«8*SHb3tt"C 
«>. S«6fC^ft^S¥A«l*{C±TTS/cWC. US 

sxmxMmit h ft 6 v$> 
(0 1 7 2 3 &m&a > £¥©*giftf±£i««-r£;fc«> 

atlUS¥l*J^©;^##>h3l>£i*CcB, 

<-r&. *scc. j£¥#j£A>6a<8tnrt,>.2>£#ccB. 
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J*&2>B^<t0ftC>©-C\ *gftafr&£3t»-ftl,>fc«>CC 
fe. *©£¥©£¥*f«#©fc&©#I2ffiS*^&©*6 

[0173] 5 ) MWitffiftfc&ft-rSC: £CCJ: 

«MRft*»flP*-4C £CC<t otM'#t^SI±K5*t 
- A > h ©#[S] Bilft Aft -5 . 
[0174] «*.«. jSSIUPlf IKft 6» d b v fcf&fTf £ C 
£ cc J: -5 r^-T SH^Jg^-e-y > KDifii* «^>-T 
V^fi-C&D. V#faCCfi£T£J&#£fi£;*-»f£C£ 
B-C#ftl». •&S^-ffl(Rft*«lflPTSC£Cc c fc-, 

«M*««:«fc -3riM«»**»s. 

[0175] «*.«. -o£Z£<DX--j istcWiitctefrfr 

h*«^r*ciB"C*ft«,». WWK^W'C 
«. c©»tt**itL»r» ft^-<<5telj;ft<M)Wffl«^ 

[0176] pi^ci. mmffim.n*m*?htcib<Dftm 

MWdbx, Wd b yC^WJc^CC^T-S. 
[0 17 7] XWWdbx, YWWdby, Z 

WdbiMdmdOrtfK/i^m, SEoT. Mdm 
d*-<^ h;uwd b^fSi^i-e^ia^^cc^filL'^ 
h;UWd b^^/ct^^fflaL-C, h^Wd 
b©^;t$5:*D?cfc©Ai. Sl3 CCJ: ot^ft^nSM 
dmd d b vT*5ifi5 0 
[0178] C©ii^©Mdmdd b v*@2 3 CC^ 

fsjZ^—j* > h©Wd b1iftl&ft%ffl®?Z>? < - F>< 
»*lWffll3fi*«fiW*C4**iNc-r*. ^0. Wdb^T 

tftf* 0 r %±mxti *-^>h©Wdb ^l^l^^-CS^ 
^.Lft^^6. C©7 -f - KX i;$l|fflI^Bfc/cMI*CC 

mmm^n zmrrr *> ^ct cc ft * . 
[0179] se-^r. «si*ftt&#£-«6b/ci§^ccB, 

Wd b*[6j?:^^ h;UV#|6jCC— SS-tfS*\ SfcBft 

s-<<i5^ct*-H#r*s„ s/c. mm±mfxt}*:-s 

>HMdmd©Wd b^lSj^*. SJE^Pfflidmciffle, 
•TCcMJ»tt«ft «r»fpr £ /cW T^fe 2 -S/c^ft h B . 
Wd biVOrtfi^lCCftScfc^Cc^ffil-S. -SB£& 
£¥ffi«mcffi6tf/a>fte>B. WdbiV©rtl*si 

j: o /h? < ft & J: ^ ccggr-r ^„ 

[0180] iC6t. S¥©SMiI^i*t,^^CCB. •& 
*»ftr S C t Cc J; o -C^LtfS^SS^ 
ms.t)*:-S> H©XJjR#B/jN$<ft£„ C©W^CC 
B. Wd b x£**#>CC|9:5rr-S. Wd b^(6ji'<5' h 

^v^(6]Ci-^Lft<ft^. ww!i«ft©^atid«t»n-r 

[0181] PMWf «ft«S»(co(,»rE«:»ltt-r* 
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r& o . mmmmn e d b v «0m<D^n< ns„ 
[o i 8 2 j 02 4£#Mu-ci&ipj-r££. mmmis. 

W&BUJ'f&MQ 1 «efBB-*-*F 1 a c t <tStHf&2£* 

Mflf2act = PQl»Flact + PQ2*F2act 
CCt, P Q 1 litfe&tf P . fe&ifiQ 1 <D^ * h ;U. P 
Q 2 P. &*#Q2(D'<;» * 

Mflf2act = PQl*Flact + PQ2*F2act+ MLact+ M2act 

ft. sci2 «. as^s^tf-c^.^feotcf^-r 

Mflf2actv = Mflf2act • V 
[0186] '-XdC. Mf 1 f 2 a c t v&a-J*Z.y ■< 
>V$lcmOXM flf2actvfilt i# 2>. 
[0187] acfc. WfWMt*-y> hV#ftl&#Md 

mddb vzmmmy jfrtucmu* ^-n*. Mf i f 

2 a c t v f i 1 t*>6MD. > hV^rSj^S 20 

»Md i f fvSI#5„ 
[0 1 8 8 ] ffltRffl^ -ObtHZ. Mdmddbv* 

[0189] &cc. S¥«*at^1«^i©^{c«fc^MW 

d ffdbv = - a *Mdmddbv 

[0192] *%tc^(C «fc o r WPtiffift 0 d b v £♦ 
0 dbv = Kdb * Mdiffv+ 6 ffdbv 

[0193] mn%.¥Mmn&m$®tc~?^xitm-?z> 

£.02 5 ItfrtDtpom 1 &¥XftMtft%£fl!®gt*fti 
ItW^n^ir**). ISl JS¥X*i<tfte lxtt 
Hjn©fti<SiJrrs. KWtt*BS-i*&**. fHl£¥Y*i 
fifthly. SS2JS¥Xli«fte 2x, $S2JS¥Ylif« 

ne 2y 6iutt(c3ftti>&. ccr«^is^xji«ii0 

[0194] *lJS¥*R2>*-.><> hXfiS^M 1 a c 

t x^a-Ax:?., ;l/£tci!l,TMl a c t f i 1 t x 
Srff-S. f 1 Sfi«t-^( > F X«S»M d m d 1 x£ 40 
tifSffl? •r^iciiU -en*. Ml a c t f i 1 t x 
#>68ti;. ilM*-^ > hMd i f f 1 x£f#£„ 

6 fflx= - alx*Mdmddbv 
CC-Cal x«^<D^-C*^. 0 
[0198] ifratCiotSlS^Xillftfl 1 * 
dlx = Klx * Mdifflx+ 0 fflx 

(OmmLB^LXh^K 50 



(15) 10-277969 

28 

* smE&iQifo&Q 2 Kfmir Z> F2act*s. 
JS^ c f'C\*P©$to»)«:^$-l+.5^:-^> hMf 1 f 
ZactS, ;KSCK: <£•)#«>•&. 
(01833 

• • • 351 2 

* [0184] $/c> SI 2©ttfc>«)CC, ;£SC£fflt>T& 
• • • SCI 2 a 

* [0185] M f 1 f 2 a c t <D-<? bJlVfift 

10 i^Mf i f 2 a c t vzmm-rz. cn«> 



• • -SI 3 

#JMst#t^ffij«£l6> f f d bv*m cfttt. 

[0190] JWttejfctt. > F V#[6j/?£ 

^Mdmd d b v <h£J£Sl:®Mffi&$-*-&|f =i 

^ r > x* ^A-tm* . awn 1 stacr* <*m>j5q i 

i asm 2 JE¥flcE2jtN>j&Q 2 £IS.&K&<DX)&ftlg 

ft9f fd bvitnKSl,> 0 
[01913 PijMKtlt&ftifltA flffdbvB, ififl* 

• • 'Si 4 

• • • SCI 5 

[01953 arc. NmtfltAibe&n«. s^tffe^ 

[01961 ft^wici*. mi&smm.*-s> hv* 
7-f7>^tmm\ f i£¥©^flS4*», 
affix <t-rn«mc». 

[0 1 9 7 3 ^1 £?X«H^^ffifitA0 f f 1 x«. 



• • -SCI 6 

«x$:f55o CC-CK 1 x«W9py-r>-c*«). iim. C 
■ • • SCI 7 

(0 19 9) hi 8«cRor«iw*ttetii. miEsm 
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¥xt§«fte i x. mizw-Ymsme i y. m2&w- 
&©&£=> \yf=,A y >*s&rc©£¥<ag ■ mmrnsE^- 

C 0 2 0 0 ] tS8»g»tti35W:. gm&g.¥-mfs.t>ic 

«fc -> -c#££#^ffi s ti i> « tit&m 3 2 ^sjgsj&ttf* 3 4 

c o 2 o i ] ^mmmmx*) fejEmwL&w-i&m. • 
frman^ gcaisn/c^^s^fr^m-rct^sc, ^ io 

[0 20 2] PUtf . 026 {CtkT J: 0 fc&tft^Stf 

g • 3gf5«. 027 tcn^-c^-r&g • §ei»(cttiE3 n 

£. BP*>. 02 7{C^Tf8^ffJtiffi&©;S¥#@*?UE 
TflcR* *** TSBB L tc t * ©fi[g • 02 6 

Z>. 20 

[0203] ts^aff5ffl««. utmmz 2 -^s^t* 

[0 20 4] ±i3£i!5tl£GT01 0 70- • ^ + - h 
©t&fJicRSi. mite©£n<, S 3 4(c*3i^r±iao^ 

[0 20 5] 02 8«-e<D^?:^n-ri^7';L'-^> • 7 

ci-'?t-hr4s. 30 
[0206] mmz&Mo-cmwrzt. st-rs i o o 

icis^XffliiLtc^f \-)l>VZ$t#>. S 1 0 2(CiiA,T 
^■iefflfi^f!*02 0(C^-rcfc-5(C^L/. *I3EB#£IJ 
t-C©C*i<5>©<B£3fcis!>S„ ll>TS 1 0 4fcM^. 3C 
3 4»J:C>'^4«CJ:-orffl«^S^-^> HMdmd 
£MW*f (t-*- A >hMdmddbv i&JS^ffiffi*- 
y>hMdmdnx (y) ICtf-IBl/. S 1 06GCiiA,-C 
gJtj$©$n< SWffimft 0 d b v £3*^ S 1 0 8 tcMA, 
-e#JE¥*iffift0nx (y) 

[0 20 7]^^107a--^t-KDS3 6«!: 40 

ttiU S3 8«:^rmiJ£¥{ag-s£g&£«i«ft0d 
bv, 9nx (y) {CIoGTflglEU WCCft*«HBE 

[0 20 8] ^>rS4 0Kjt<&. ±<*{4g-^itS 

«B) £3?fflU S4 2(c^-C^HSS^(4*gLU3n 
tcW®&m%& (ffl) tC1f-^$lJSiIU. S4 4tCilA,-C 
KSSflSrA tKBrU S 1 4 CCR -? T ±ta©#i®£Jg •) 50 
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[0209] C©HSS©^j!S«±fa©ftn< fltf&Lfc© 

SS^S^j©*(lffl)*%«i:^L,nct»J; ^ cc&o . -en 

[0210] IP*s. C©HSS©^(c^S^g«. 5fcfc 
!ilgL//c^CC?tL/-CJi(T©."^=&5ScRL/t„ BP^. &M 
¥5-30558 4 ^mvmmLtcS.W 3 >^7^7 
>*WWr tt» je*$fc«j^©^,£&£©£¥«:@ 

c©Jli6©^Sik:^€,^gTW. ^strrsg^s 
^s^j «Mnsic**w zm&&¥-mxt)*: - ^ > h 

^HKSttji^c^ii, -e©*st>f)©*-^> 

[0 2 1 1 ] C©Mm. ll£J*K#il^S¥ffcgC>J# 

[0212] mtClX. PrK f hiC^ffl-rSJ^JS73. J: 0 
ft»W«:Ba«^flcS*t»'C»iS (IfZMP) $to«3© 

S¥*JS^*- > h *g^3&>oJ|^J{cSlJfflI-r -5 C <t # 

^ W»*» J: offilrn > -C r > *<W»©#ffl«:ttt8 L 

l t 6 -rtxtc *) urn? zct&KiK 

[0213] gfot. ^Mmri^^yy^m.mm-cu 
[0214] fflis^tta^ v h©^$^b*«ffli 

[0215] */c. #gg-sp5 - 3 0 5 5 8 6#^$g-Cti 
W-mfchOSt)) ©Se*5RS^«ti^c& OUZMP) 

J*Jg^J©rt©*-^ > h^?:^l^cM3i^7^©^fiX 
*JS«±J*S^if^* (ISZMP) Sfe0«c^ffl-r-5 
h£tfcfflO. ^©ffl^rliSLt^fiifC/U-Scfc^JC 
*ii©-r4J:^{c^HL/fc (i^. C©*«5fe«:tygL/cftlI 



(17) 
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[0216] mz 9wc©%w{c^6)ws;#abn^^ h 
[0217] m2<Dmm<DBmic{%z>mm.im&mft*: 

Zl = -4§l#FQl ©S3 "6 dbv 
22 = f§!#PQ2 ©g£ *0dbv 

{SU CCt, 0 d b vtCttj£l 5r5j?«>6ft-5ffi£tt 
At" £. 10 

[02i8]i$. zvmommz, m i ©j£*6©j&«<t 
tssx o it c t v . mi <DMM<D&m t mmmwm . 

[0219] B3 0t*c©m(cfl&Mj£*ttaifCy h 

wmx-bz. tic m3 la. *©*»ff*^r. si o 

[0 22 0 ] *3©IMfc©««{Cfct,>Tt4. n±B0lxt) 

7'?-<T>?.fflmzmmLic. sn^> gi3©9gfe©jgjB 

¥J5fcK^J * - > > h © Z (S fct & «fc 5 cc 0 ic. 
[0 22 1] *3©*»©}&tttC*-3Tt*. ^-©/c* 
«c. Hi ©H*S©^S8«:^4$ia©«^K:, tftS&tt} 

[0 22 2] 03 0 *#fiS0TsB9J-r5i. Sf*3©3IJ& 

©»^C^^$|g(CfcC^-CW5fe-r. Ptf? h 1©±&2 
4©3ia:{4gK:3-U- Hr>tH 0 0?rg:W^,i* 30 

ittf^ini^^-rsasfiig • mm ■ xftmmm i o 2 

*i^5J:^iCtfc„ 3-U- Hz>tM 0 0t4. P# 
» h l©Z«i£frt3©3-u- h 



* *©*(S»*^f'PTSJS^{4g<eiES6f / P©#ffi<!: l/T 
14. SI 6<CqtLfc¥tt<Cft*.. 02 9Kl^-r<fc^(C. 

J£¥iflB*[fiJ#«(SZ 1 i^2S^i&iS^|Si^8()»Z 2 
{4. iX^«:j;or^J6-S. 



• • • 5£ 1 8 

[0223] gBftg • 4m ■ -fifovm^ i o 2 «. m 
m&w-WLmticimffl&nicm^x—t&ffiommi&m. 

fC^^S^IsI©»16{iS©+B>Ff(4S*jJ:C>'7?l«i]***-2> 
i*(C. 3-U- Hz>1f 1 o o©taaiffi£l»#?-£c: 

[0224] CtXh<Dmmcm-3£. fvFl/ 

*Sffi©^il#2£f&^&Mft#£>S©-C\ 

#lfii£Wc>tfl<TfI<; j5£IHB3f©3-u- h^fibfiit* 
H^ffl<fc«3^%t^t!SS©-C. M$442>"9-6 0©a^7 
«cJ:or3-U- htfcWfii^ffiiEf S©*^^. 

[0 22 5] *3©£flKDJgfiB{Cffi&£iE«ia3 1 7 □ 
- ■ * + -Y*mmi>TWm-?Z>t, S10*>6S30 
Srit/Ucfg, S 3 0 aKfc^T. it;g3ftfcp#? h 

l©{4S*sJ:C>*/*ifc«77l6]©-rn«cS-^^. -?-©Tn 

d m d z £3<at><E>,, 

[0 22 6] W7, H3 2K7n-r«W«:?9or*tfr* 
-^f>h©Z^Mdmd z**26^$IJ©fJiL,r^SC 



Mdmdz =-Kthz0errz- Kwz (dflerrz / dt)- Khzh 

P^cjSJgAWO. n*'';Hl«f>t5, *t>#A 



CCT, Cerrz W^©Tn> dflerrz/dt 
tt*©B#IB»*HB. hl*«B*6©ttrti-e**. PIS 
CCGerrz. h ZmT. C©0©Rsg.T«, 0errz, 
h(*iEr*-2)„ Kthz. Kwz^VKh z &4 40 

[0 22 7 ] iwlBL/cftK , P#5» h lWmrUX^Z 
£ # . £¥©«*a^l« 3 2 -?>JEJK«i14* 3 4 ©*a Dn5i 
ttia^y h l©ISfi$A£fc 9 ©«£#*- htcj: 
•^t, ±ft2 4*siSitl4*feO«:ii]lKJlglft-rs„ CM 

^s**-^ > h <t±iaffiafj©fntcJ5:-5). 

[0 22 8] ±IBffilb©figUI»5j§A«:^.5 i . HS^F^ 50 



(0229]|Sj. #CCZ«lSto«5HW|5]iEJi!i&*fq)$IJT 

zicttUhkt. 3-u-h©rn (^rsim©^^ 

ffl) /cW*> > > h ©Z d m d 
[0 230] tic. 03©5US©^(c*Jl»r(3:. 

T>xm , p®mwicmictj:®m£&MLic. 

*<*WCC«, H^JS^<tHSS ;! FJ*JS^©Zfili$*50 
^r-^>h^*^-rS/ci?). S?2 2R (L) ©ft 
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co23i] fro&mjmz&^zmic. mtnztizn 

[0 2 3 2 ] ±mxt>t&s?¥-mm3i<nzmizh<o*:- 

m i cDSiM©0sira^/ca^3>7^-r r^zmmc 

na<DS¥> t&iEmw&&mmi*p&* (H6©q io 
r . Q2" ) fc^or^tDi^^^iE^tti^^cicc 

[0 2 3 3] 1 ) (SiEg«^ 1 JS¥fl$K2>*>Cv£ (0 1 
6©Q1' )©£*§!£. aS±S^(ffl* (18ZM 
P) Srllite^hCt, z ^-SlelKfte d b z 

tcVM&feW) (rotete) TS„ #S»U/cf£©.££Q 1 " 

[0 23 4] FlflKc. a«*2 ja^WR^^Mi (0 1 

6©Q2- ) ©sti*. mm&RsB&fem& o«zm 
p) zm&tp'bu:, zm^iootc. $>zM$zne db z 20 

A£W@K»tt (rotete) ^ftrLfcf£©.'££Q 2 " 

[0 2 3 5] J&j&tfQ 1 ■ I' (O^b 

f hJUQ 1 ' Q 1 " tt4. FI«<C. tt£*SQ2 a fe£ 
#Q2" ©^ hi^^f h;UQ2' Q2" 0 
3 3 K±#a»<5jafcQ 1" iQ2" ^it. 

[0 23 6] 3 ) tfliEStlJjr 1 sS»tt£*.r 
tc. t*h*Ql' Q 1 " ^WWflMbS**. mm 
«c. 1SiEg*SS?l2£ip£, S3&«SCitr«:. h;UQ 30 

2* Q2" yewwf««istf*. 9tbmo»jEmm&s. 

¥4I3 3(C*®-CipT. 

[0 23 7 ] 4 ) ^K, 3 ) rff fctlfclgjEgfRsB 1 £ 
¥£Q1" *4>iWc. m#AW (Z«) SfeOCtUHE 

me i z/cwuHEstts. isitftc, 3) xm^titcmiE 

S«ST2JE¥£Q2" ISiS^tt (ZW) S 

■t>*)t,CM$Zfte2ztcVM$Z3i±2>o 0iEft 0 n z £18 
nS¥ZiSftiPf*„ Is|ifSf£©<iJiEgfil#£¥ ; &0 3 

4K*^rin-r. 

[023 8] «±©ffli«»fti*iifc»c-CA < c^n«, fflft 40 
[ 0 2 3 9 3 #14 1 ) Ztti 0 PulBPiifilft 6» d b z fc* 

[0240] #tt2) mn^zmmntc^^m^ux 
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[0 24 1 ] #143 ) 0 d b z . &JS¥X*8 

#J£^Yffi«^. Z#£fe9MOTi«&e»db z 
fciO'SJE^ZfflS^^PBftCfil^T-Sx!;. SI&JTOR 

[0 2 4 2 ] #14l*$J:tf#f42W. Cft6©&mci>i! 
SS*i*5Ci4Sl, #tt3»±r©^(c^14*J 

[0243] u±<DmwctovzzM££>*)mmm&ft 
*»j{mS^(cfc<,>TOT©<fc 5 tc^-r 

[ 0 2 4 4 ] 0 3 5 GCf?r3 ©HSg©»Sg©«^3 

* > r ZJ&frtffRS&ft&^SB 1 0 4*jIfiD0/c o 03 6 
(C-e-©*-y> h Z^fflmSfl^j^SPl 0 4©S$iffl£ 
jjk?„ fcTr\ C©iittJgiJ^€:tfi^(cUi^r^„ 
[0 2 4 5 ] 0 3 6CC^-TSn< . C©ZfiS»M«*-^ 

> hi^gpi o 4tc*j^r». h 

#I2S©tH;*7rt>6. SilS*-^ HMdmd d b© 
Zfi53Mdmd b z iSJE^ffl<I*-y> hMdmd 1 
z, Mdmd2z4^-ri.i*K 1 iH&STO^i 
»ie?n/cIR*-^>hZgE» (Mdmddbz, M 
dmdnz)JSi>6, Zi^bOSWdfte d b 
z. SHl£¥Zfi8«£ie» 1 zfe<fc^2S?Zi«fl9 

2 z ^S-r-S,, (cn«03 8 7P- • ^ + - h-CS 

3 4 a©^atcta^-r^) . 

[0246] l^iEBMS^fiiS^I&acaiSB-Ctt, ZW$ 

ty<omwmmpi*5£v : &&¥-zffiffi.nb'git>x . i^iejs 

[0247] «T«ciI»j«a©#|fflSK9ir £. 

[0 24 8] H3 7*#JHUr*lfll^jRS**-y>h 

IBgr«. ffi«^JK^j*-^> hMdmd©ZfS^M 
dmdz^r. WWffl<a*-^> hMdmd d b©ZfiS^ 
Mdmddbz, f ISfiSt-yX-Mdmd 1© 
ZMMdmdlz, g2£?iSt-^>hMdmd 
2©Z^Mdmd2z. «C^|2-rSMS*5ii/jn3*i 

[0249] ft. MWit-jOhOZ^Mdmd 
dbztt, lilRftedbzSKmciKi-jt 
liMS**-^. (gSZMP) £t><0 (CSS^S 
^©M^Fna c t WP£*-y> h©Z^©SS 

[0250 ] $/c. I&l£¥iiffi*-y> h©Z^M 
dmdlztt. 01 JS^MSUft 0 1 z *&frr -5 C £ CC 

*-^>hzes^ (03 4«:mi XT*-?) x$>z>. mm 

K.. SS2£^«*:-y>h©ZfiS#Mdmd2tt. W 



(19) 
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Mchiddbz =VWbzX Mdndz 
Mchldlz =WOz X Mdndz 
MrtncGz =W2z X Mctndz 

CC-C. Wdbz. Wlz. W2 z«^fB$©^iefflffi * 

-eo^seffla^^wd b z . w i z . 

[0 25 2] 1 ) WMMffifti 

[0 25 3] 2 ) Z»±tofl WIWiflWMBJctfS 

Wdbz+ Wlz+ W2z= 1 

ft. ^fB#-C«. 5£2 1 ®£3B*s 1 tcfi»n«+^t?* 

[0 25 6] iii.A.3) ^S¥*«*Hri"<5»*j5TZtt 
*fo9ffiWli«ftedbz#«0"CfcC>4. £¥#tfi&^ 

t>»)wiPiflWffl©»Eii*attwb z ^oct-rs© 

[0 25 7] ) WJ£W*Jt1'Sltorc<e-® 

m-ox. mi z<ft£Mi&-c. sisfzi 

«ftffl©#i2JBS#^&W 1 z*0JCU I2£Wf 
ifc-fSttTW:, fP2£¥Z«<Iftffl©#i3fflfi.^SfcW 
2 z£0lcT£©#g*tA\, 

[0 25 8] ZftflSfcOMJSttiilftl? db z©& 

*«>6n-5. ^r-^> h 4fta©(Sj^3&iv^ 

*6Z^fctbiA:»tt*4. I^t, ZttStoO 40 

9 d b z *^St5M0^a •>.» 0 
2 4 © V £ Z fCg# S C £; CC <£ -3 Tf# & C £ # 

So 

[025 9] 5 6iC. SB 1 0 1 z . SJ2£¥ 

limfte 2 z©^^®^iifta$n€.o fgns^ztsii 
ftflnzB, mig.w-xmfi.fte 1 xZHttoZT^v 

tt. i2 5©X5:ZK. 1 *nKlg#&;l£C <!;«:«£-? 50 
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(H3 4CCM2-Cm-r) r&s. 

[0 25 1 ] ^*fflt.»-r?f ^„ 



• • 'S20 
^SWd b z . Wlz. W2 z 

[0254] m&&a i'©<t ^ cc. mmmm^-^y h 

©Z^Mdmddbz, > H ZJ&fr 

Mdmdlz. Mdmd2z £.£JlK:fl&£¥J*J52KC 
^3tt£c<fc#r «T©J:5K:ta5rr 
■S. B|J*i . 4»<to£ (B8ZMP) $£>*)© 

**JK#*-^>hMac t©Z»&#*. ffl«^*JS^ 
*-y> hMd md©ZBS;^tC— Sc5-{±S 
«. ^l©ID5S©ff^-ca!'<fc1g^-=J>^7-Yr>XS{i 
fHP(C3it-r*R*i*Mja"r*) tabic, «T©5£2 l 
* oJfi&ft fig 0 iiiiH-f S J: "5 £l93£-r S . 
[0255] 

■ • -S21 

[0 26 0 ] ±I2L/c, I31©S3 4 &-C'i=it>inh®L 
S©-tf^;U-^>?r, 03 9©S2OO)Sl,>tS2O6 

[0 26 1] ±ECca-Jt»r. i»IES«S¥(4g^» 
tH <S3 1 7a- • h©S 3 8(CtSS) icis^ 

r. INMddbv, ZIAStoOWWffl«ft0 d b 

z. mifzw-xmrnfte 1 x. sis?Yi«fte 1 

y, miS.W-Zmm.ft9 l z. S2£¥XISH0 2 
x, I2£¥Yl«ft9 2y, S2£¥Zi«ft9 2z 

> ^ ^ r >x ttflP©fi¥fiMK!W&iE#&ccf£ its 

So 

[0262]f3 ©HJtfe©7$itt±ie©£n < - f£±JE*J5 

n>y^T>X*fl©£iIft]Ufc©T\ ^fj©^l5S©^ 
JSri^/cflUB. «6*«:aiitr v Z«iS^0@W(5lKJl 
«&Ki^T5£&fi¥ifcR**--.rf> h©Z)£#©JIi& 
£tWr5c£#i-Ci*. iorW^Kia^^ h©^ 

[0 26 3 ] 3 fctcfct. 032 (Cn%l/yueeBH»<H»«c 

■rsci^rtr So 

[0264]^. ^3©H)^©^(Ct}^r t E-U- 
ht>tl00. t BfiM • • *lSl«3eS 1 0 2 * 

JS^J*- ^ > h © Z J&#M d m d z fc{*-?-©ifi^ 
fcH5£-r 5 /ctt -C <b . jl^JS^J*- > > h © Z fiS^K: 
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ft. iMai9JSttc©ia«EK:»-3< (1 

[ 0 2 6 5 ] m 1 fck> l/» 3 ©Hifi©fl5!^-C«±l2©iP 

mm no. i2. 1 4R (D ) zftL-cmfeznz 

iittc, ^<D5fe®C^2(DB8© (18. 2 OR (L) ) 
£/rbTiIil&<*ft££SIS (JE¥2 2R (L) ) *«■*.*: 
(2*) ©WISP (WSiJ';>i'2) *><E>&£l«5£g 
f&Dtf? h©frH8i^gK::fc>k>-C. SriBarK ^ h©4>&< 

(B«Lh#(4B-*». S*§!£¥{2g • iSSS) i. «Ti2 10 

Jg*L B«£fl£Ka4M>jS ( = §«ZMP) ) *^«c< 

(*#g£*KS. S10*6S22) . 1512*^5 fttc& 

E&flikofBi *m>*7c £ B«saR*s* ( a m 

(B«!/»g73#i2£. S2 4. S2 6) . UIB 

isss^uj^s (6Wjt^44. *«ja¥«s* 20 
tsagt. S3 2) . «nBtfta3tifc**5*3Siwiajmi 
s nfca«sa5j*s^4i^s *> o ecf^wr £ * - * > 

h (^nSTO^-^hMactx, y, z) 

k>Tiiuf2£SB£II]iS3-fc>-£IIlf£« 0 d b 

v, z. JfJn£^}#«£l0 nx. y. z) SrifcTTSS 

S32*6S34, S34a. ffi«Wift£l&S§B. Sfn 
S 1 0 0^6 S 1 0 8*s«tO'S 2 0 

o*p6s 2 o 6 ) . BuK&^n/cjEasmfKfifc*^ 30 

sS^iE^© («^3>^7'(T>^tbfP^5eaJ. S3 
8 . S 4 0 . ^IEB«IJ£3M4a • S^#WSP) . *J<fc 

t>\ Bui2<siE$n/csgp<D(ia • mmicm^-cmun 

h©fll lis£Vm2<DM& ( 1 0. 1 2. 14. 1 
8. 2 0 R ( L) ) %Saa3tf*H«S8ft#R (Ptf? 

P-7 > S40. S42) 5 tCfll/jROfc. 

[0 26 6] £/c. 4>&< (±<*2 4) W 40 

i2S&Ctfit 1 ©M© (10. 12. 14R (L) ) M 
VXm&$tiZt?il>C, -e©5fc4gCcSS2©Wfii (18. 
2 OR (L) ) £/|-L,TiI*S3n&£§P (£?2 2R 

(L) ) *<I*.;fc5SgSc# (2*) ©SUSP (JSJSS'J>? 
2) ^6ft-6N^ttaiK? h l©$fltai^gtC*j^T. 
H>)f2Ptf h©4>&< ifcB?f2SS|5©B^(4g*5J:i>'^ 

(@t§±<*(4g • isn. 

tig-sgi*) i. BuI2a^? h{cfPffl-r^±SKJg^J©S 

t§/<*-> (mm±mm). mm&v&X'p&M ( = s 
«zmp> ) *'pt*< tb-stsmtuvx-j h©#g*£ so 
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m-? s 1 o*»e>s 2 

2) . B0i2^)cSnfc^©^JS^5:H(fi2JES|J©-e-ti 
■eti tc#I2 L//ci# ©S5f2£gP±©flPffl*'C\£fc S Bt§ 

aasats**^ (smsjs^js^j*^*) *»oet 

S 2 4 ) . «WBja»«:fT5fflr SSIfltR^ m&&¥-mix 

*«ar*ss*s*iftiH#« (6iWi^-fe>-9-4 4, 

S32) , 'J>K< tbmiS&tii 
StifcHJERJS* {C*-5k>"rfiriBJE8S£ ®&<* tf*BIEB 
(MiMftedbv. z. S&nJ£¥ffii«ft0nx. 

y. z) *«jg-rsaauia««tfat#a <«^3>^ 

^r>^ttf^5eSP. S3 2. S3 4. S3 4a. PaBP 
mMR«fcJ£W> BnfiWMWifcjeW. S100*>6S 
1 0 8*JckO*S2 0 0#>6S2 0 6) > WiiZ&feZtltc 

©a^sfeOicius-rsi^K:. mrfe@«feg*jj;{>-/ 

*A:«j6»**iE-r*S»fiM • ^HJiE^m (&^ 
>^9-fT>^«rf¥8ME». S3 8. S4 0. <»iES« 
S^(4a • ^»W8P) . *jJ:0*Hfff21»iE3nfcSSi5© 
{ig • ^(cs-^c^rtnBaiK? h©mi fe<fc^2© 

WffidO, 12. 14. 18. 20R(L))?:ffi 

^ . ^{4a> H3-7, S4 2)m5 

[0 26 7] MIBSgPfiig • ^«IE¥©«. HU 

121^^3 n/cSSBIaieaicS-^C »rlil2Sg|J©{4g*J<J: 

&$) 5 1 > «-e©jaa s ^ o kpikTs ic , H«i2s^ 
[0 26 8] 3 6«c. B?I2P!i^ r» htcni^cc^ffl-rs^ 

RLact +PQ2 *F2act +mact +M2act). i/c(*lil2P 
#v F-CC^CC^ffl-r-S^Jg^©*-^> h (PQl * 
Flact +PQ2 *F2act +Mlact +M2act ) *>6h?12SSB 
CC^fflf ■5>^S^-^> h (Mlact +M2act)£$c#L 
■Cf#fc*-^> h(Mflf2act=PQl *Flact + 
PQ2 *F2act ) ©k^-TtlA^WUl ^< i4>ifl2» 

m^tifc^e-y > Kci&i:-cS5rf2Sgp^fiii3iiS^»i 
Kfldbv, z ) ££fc£-r££SI5*£ttfiifc^t8 (tt 
^a>^7^r>^ttf^^Sa. S34. S34a. M 
Pfflfgft^SP. S100A>P.S108, S20 0^6 
S 2 0 6 ) £{f mrl2SSR&g • ^«iE#K«, mi 

S-^k>Tfrf2HSI3©(4g*5^C>V$ /c»^€:^iET £ 

[0 269]4fc. MI2^JS^©a«^-*->(cffftO 

Mdmd) Bi?i2Sg|5lHllSfi^^S*J<fciy : /* 
A:«lWIBfiSI»i««SE#S«. < <t ^HiTI2^tH3 
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<tm&.±m&t)*:-jt > h Kl^Ut Btri2J£gP©I5||ES 
*J £V/t fctt#8tjfi£&3£-r -5, ( S 3 4 . S 3 4 a . 
S100)i^S108. S 20 0*>6S2 0 6) ifl< ® 

[0270] ifc, wrEsfifMf^bJf fli±eR5**-y 

4>&< tfcBtriBn^y KD«^«M (0 e r r 
x. y) (t«^K>-C3fc#3 (S2 8. S3 0a)£q<8§ 

[027 1] $/c. mm&®£mtffim±m5ch*:-s 

>h£. :4>ft< t&BfriearK^ h©3-U- h (6 e r 
rz. dfierrz/dt) tC«-3l»-afc«>.5> ( S 2 
8. S3 0 a) cfc^ClffSl/fc. 

[027 2] ffiizgt&&m\M®.±mzch*:--s 

S-5^r*dt>l> (S 2 8. S3 0 a) in<mf&utt 0 

[0273] tit. ffi&mmimimm&mB&)*-s 

>h (ti«^S^7Mdmd) <D<P<Dffil£<Df&ft (Md 

mdz) zmntctezo&mt.as'm-tzjz^icffif&L, 

tc. 

[0 27 4 ] tit. mllSJEgRag • «IWfciE#»ra. M 

[0275] swBsaBaRjWfese^fcjccx/* 

^js^j* - ^ > h *smriaa®:*(DWgiJ<D^ *a-en tc^ie 
s n a i s tc . iiuiasakDisi&sfcj; of/ $ fcttigi&s 

£&j£fS(S3 4. S34a, S100#>6S10 
8. S200*6S206> ftKMAt/fc. 
[027 6 ] ttt. ti>mW (_B*24) i. m 

ns&mcm 1 <dmb ( 1 o , 12, ur (d 

brains iftfc. -e©5feffi{c®2©MS5 (18, 

2 or (D ) *^-uraussji4iaa5 (je^2 2r 

(L) ) *ffiZ.1cm&* (2*) ©MSB 

2) 36>^ttswsc»»o#» h i©*rap*s«c*j«,»-c. 

ifrtansK? \-<Jypt£< ifcl?iaJS2P<DaS<as*iJ:CJt^ 
(BaLh»ffljB-*». igSf 

( = @SZMP) ) *>6ftSIWBiajK» KD#S=fc£JiS 

t* &2HS£de^ft (^s^fixs. s 1 oa>es2 2. s 
24) . mmuxv \-<Dm$$£m<t<Dic&><Dmfa±m!x. 
t> (isMs^Mdmd) znmrzmm&feimm 
v&wzmmmmm, S30. s 
30a) . mti^MK-^mt^nmRts (n&&¥-mix. 

4 . m&js^K^tsum, s 3 2 ) . aresfiUHS® 

(e#J5RS^ieS. S3 4. S34a, S100^6 
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si 04. s2ooa>e>s20 2) , mittmstitts 
s#&c«-3(,>r mrias^sosgpoagfccfco'/s fc 

jfcEgp. S3 6*><E>S3 8. ffi«ft^SI5. ISWfE^A 

©aiaj. tuEstuCTcaa • SMJKiM*. 

301*s<J:U'&2®nff (1 0. 12. 14. 18. 2 0 

(«?7-y . Sgffia^hn 

-9. S40. S42) *«*S*P<«j!B0fc. 
[0 27 7] *fc. 8iTsB<»iE#^«. MB a* 9 h©sS 

[0 278]B. ±SBHteW 1 £l>(sfll3 ©SUSOJ^SI 

[0279] ^om^mm^ir^mr 4. 
a«8at{c&s*s. tg^jcfco-ctt. a^^iaiKs-tfr 

. £#-c£s„ (at. t,»fno^r*oTi, s^nite 

30 [0 2 8 0 ] #&i ) Sffl«^e->> h<tSS¥SS)* 
JS^J©^^6. &ffi{a^-y>h 

AJiE@S#JS¥J5i5JS:^4i'i:\*iPf^o fib, IWEStHS 
S^Jg^jcf'C^ii. ^-©fBP^tcffiSbri^JSJgSia 

2>«t>'i>* * fc«-e© *©ia^* @e*^(c -r 4 . 
[0281] ^&2 ) mjE.u-c^zg.imt&m®(DMffi 
*<D&titit^O}!m®z®&$.C\&t l c 

40 [ 0 2 8 2 ] 3 ) as&JB¥fKK2J*> ^H^S^S 

[ 0 2 8 3 ] 4 ) 1 h 3 CCptf fc^ffl^g* 
fiHM^:iMO\ ■e©ttia ;s F^©'S5:I5I^tfi^.<i:-r€> 0 

[ 0 2 8 4 ] ft. ±fe«cfcc»r , ajss«fe^©BE^j^ 

50 [ 0 2 8 5 ] */c. ±iabfc0 1 0^3 ©HSfi©^ 
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21426 o^vm^Ltc±»m^m^m^m^■cn 

[0 28 6] a«S¥(4g • 96»«iat*^««C«EiEf4 
rc©±#B3©££r«B!m*tfWor5gil#£ft 

[0 28 7] $fc, ±ihl/c» i rjn,>um3<Dmm<Dm 

d b vfci^SSf fSfl 0 n x, 0 
n y ^rlSiET^ C t K. «fc o TflfciHltfcWH.*. 
[028 8] Atttttctt. ;*©J; _hflc©«*?HBIfe 20 
©X^flerrx, YJj£#0 e r r y tmZ^-i> h 

r»e>n/ciS|WJimft edbvK, ^©A 0 d b v 4 

A 0 dbv = -(0 errx * Vx + 0 erry * Vy ) 

[0289] m&<D&z¥mmftm§.&&~emiititcm 
n-ene e r r xzm>tch<DZ®.&xmi&¥-xmm 

ftd 1 x. ^2S¥Xi«ft0 2xit5. 
[029 0 ] BI«K&ffi¥*«ftfc5£^r»6ftfc# 30 
lS¥Yl(Weiy. ^2S?Y««ft9 2y^f 

n-ene e r r y zmi<>tcb<D£&.it>-cm 1 s¥y^« 

ftflly, I2£fYiifte2yit4. ft. Bt$g 
1 OJSls^tfl 3W*. C©l2iSfC«-?C>n>4. 

c o 2 g i ] ±fet//c0 1 «cc» Lm3<Dmm<DB 

0 f f d b vmrctAt*. BP*>. 
[0 29 2 ] Sfc. JifSbfcffl 1 fcC»08l3©SIJ6©JB 

sis¥x«^^?i«ft0 f f i xtt*r<>ai». bp 
[0 29 3] s/c. ±teo/c^ i um3<Dnm<DB 
^fc-ti-c&^sn*©-*?. ^®*iffl*r*s 0 go, * 

fig©Jfcffit*ft#s SMifcg* 5 ^ L,T<,>£JEfcffi<fcAi*<li 

©ifJjnfitfMd m d -CA# < -r*i£iti£#;&S. 
[0 29 4 ] ^L/^t^St^iRlC^fc^WT-SP^'X 
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